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Presenilin-1 Mutants Connected with Familial Alzheimer’s Disease affect
Activity of Voltage-Gated Calcium Channels
Maria Ryazantseva, Ksenia Skobeleva, Vladimir Vigont,
Liubov Glushankova, Elena Kaznacheyeva.
Institute of Cytology RAS, St. Petersburg, Russian Federation.
Familial Alzheimer’s disease (FAD) is caused by mutations in presenilin-1
(PS1) gene in approximately 50% of cases. It was found that FAD PS1 mutants
disrupt calcium homeostasis in hippocampal neurons disrupting Ca2þ storage
in the lumen of endoplasmic reticulum (ER). Recently calcium sensors of
ER STIM1 were found to negatively regulate the activity of L-type voltage-
gated calcium channels. Therefore it was suggested that FAD PS1 mutants
could affect the activity of L-type channels in neurons. To study the activity
of voltage-gated calcium channels experiments with a patch-clamp technique
in whole-cell mode were performed with human neuroblastoma SK-N-SH
cell line transfected with PS1 M146V mutant or PS1 WT. Currents were in-
duced by 10 mV voltage steps per 200 ms from 80 to þ40 mV. PS1
M146V mutant expression enchased the amplitude of integral current at posi-
tive potentials comparing to cells with expression of PS1WT and untransfected
control cells. Currents were found to be blocked by application 10 uM of nifed-
ipine. Knock-down of STIM1 with shRNA abolished the difference between
cells with mutant and PS1 WT expressions but in the same time mock shRNA
left the difference unchanged. Knock-down of STIM1 was controlled by
western-blot of cell lysates. Expression PS1 M146V enhanced the amplitude
of calcium entry in mouse hippocampal neurons induced by depolarization
with 140 KCl in calcium imaging experiments with Fura2-AM comparing to
PS1 WT expressing cells. It was concluded that PS1 M146V mutant connected
with FAD affect activity of L-type calcium channels through the STIM1 cal-
cium sensors.
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How CaBPs Prevail over CaM in Modulating Cav1 Channels
Philemon S. Yang, Manu Ben Johny, David T. Yue.
Johns Hopkins School of Medicine, Baltimore, MD, USA.
Calcium-binding proteins (CaBPs), a subfamily of calmodulin (CaM)-like pro-
teins, are widely expressed throughout the brain. They are believed to compete
with CaM for binding to target molecules, thereby exerting vital modifications
of Ca2þ/CaM regulation. Yet, deep sequencing of brain reveals CaBP transcript
levels 100-10000 times lower than for CaM. How could so little CaBP produce
effects in the brain? Here, we examine this fundamental paradox in L-type
CaV1.3 Ca
2þ channels, whose Ca2þ/CaM-dependent inactivation (CDI) can
be suppressed by CaBP4. Upon fusion of CaM to CaV1.3 (a), the ultra-high lo-
cal CaM concentration should occlude CaBP4 access to a common site. Re-
markably, separately expressed CaBP4 still eliminates CDI (b), arguing for
different CaBP4 and CaM sites. FRET assays map these distinct sites, and es-
tablish corresponding association constants for binding. This noncompetitive
scheme predicts that micromolar CaBP4 should reduce CDI, even with abun-
dant CaM. To test this, we used patch fluorometry to measure CDI while gaug-
ing the concentration of fluorescently labeled CaBP4 (c). CaBP4 indeed halves
CDI by ~0.5 uM (d, measured), with
abundant CaM throughout. Hence,
CaBP molecules may prevail over
CaM by utilizing distinct sites on target
molecules across the brain.2353-Pos Board B372
Detection of Acute Hypoxia in Cardiac Myocytes using Calcium Channel
Activity and O2-Sensitive Coverslips
John A. Scaringi1, Angelo O. Rosa1, Lars Cleemann2, Martin Morad1,2.
1Medical University of South Carolina, Charleston, SC, USA, 2University of
South Carolina, Charleston, SC, USA.
Acute and chronic hypoxias are common diseases that often lead to arrhythmia
and impaired contractility. At the cellular level it is unclear whether the sup-
pression of cardiac Ca2þ channels (CaV1.2) results directly from oxygen depri-
vation on the channel protein or functions through intermediary proteins
affecting the channel. To address this question we measured the time-course
of suppression of the Ba2þ-current (IBa) through L-type Ca
2þ-channels while
monitoring the concentration of dissolved O2 in the immediate vicinity of the
voltage-clamped cell. Cells were plated onto glass coverslips coated with a fluo-
rescent ruthenium-based O2-sensor (Ruthenium-tris(4,7-diphenyl-1,10-phe-
nanthroline) dichloride) imbedded in ORMOSIL matrix. using the glass
coverslips as a light guide, the O2-sensor was excited by evanescent illumina-
tion at 473 nm from a 400 mW diode laser, while emitted light (> 515 nm) from
the para-cellular vicinity was detected by a photomultiplier. using this opticalsystem we verified that our perfusion system was capable of changing the O2
concentration around the cell within 140 ms (t1/2). IBa was activated every 5
sec using 30 ms depolarizing pulses from 50 mV to 0 mV and cells were ex-
posed every third episode to hypoxic solutions lasting 0.25-2.5 sec. Under these
conditions the suppression of IBa increased gradually with the duration of hyp-
oxia. This effect was >80% reversible within 5 sec. These results support the
notion that hypoxia has a rapid and direct suppressive effect on the Ca2þ chan-
nel and are consistent with our previous findings that suggested that the binding
of heme oxygenase to the CaM/CaMKII-specific motifs on Ca2þ channel may
mediate the rapid response of the channel to hypoxia (Rosa et al., 2012, J Phys-
iol, 590:4223-4237). Supported by: RO1 HL 107600.
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A Population Density Domain Model for Calcium-Inactivation of L-Type
Calcium Channels
Kiah Hardcastle, Seth H. Weinberg, Gregory D. Smith.
The College of William and Mary, Williamsburg, VA, USA.
We present a minimal whole cell model of stochastic domain Ca-mediated in-
activation of low-density L-type Ca channels. Our approach avoids the compu-
tationally demanding task of resolving spatial aspects of global Ca signaling by
using probability densities and associated moment equations to represent het-
erogeneous local Ca signals [Williams et al. Biophys J. 92(7):2311-28, 2007;
Biophys J. 95(4):1689-703, 2008]. using a minimal Markov chain model of
an L-type Ca channel, simulated whole cell responses to a two-pulse voltage
clamp protocol yield an inactivation function for the whole cell Ca current
that is similar to - but may deviate from - that obtained by assuming instanta-
neous formation and collapse of Ca domains [Sherman, Keizer, Rinzel. Bio-
phys J. 58(4):985-95, 1990]. Parameter studies reveal that when domain Ca
formation and collapse are slow compared to channel kinetics (e.g., fast
voltage-dependent gating), the population density description is required to ac-
curately represent the dynamics of Ca inactivation of whole cell L-type cur-
rents. When channel kinetics are slow, the population density approach
agrees with - and thus generalizes - ‘‘instantaneous domain’’ models of Ca
inactivation.
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Modeling the Structure and Function of L-Type Calcium Channel
(Cav1.2) to Understand its Effect in Cardiac Propagation
Libet Garber1,2, Richard A. Gray2, Silvina R. Matysiak1.
1University of Maryland College Park, College Park, MD, USA, 2Food and
Drug Administration, Silver Spring, MD, USA.
The gating dynamics of the voltage gated L-type calcium channel (VGLCC)
play an important role in intracellular calcium dynamics and the shape of the
cardiac action potential. In this work we focus on modeling the structure of
the VGLCC at the atomistic level to elucidate its structure-function relation-
ship. using the crystal structure of the wild type voltage gated sodium channel
(NavAb) i as the structural template, we propose a model of the Cav1.2 calcium
channel. By using Molecular Dynamics simulations of the calcium channel em-
bedded in a model membrane, we have explored the microscopic structure-
function relationship of this channel protein. In parallel, we investigated the
function of the channel in ventricular propagation dynamics. Our functional
goal is to understand the effect of Cav1.2 gating in the ventricular tachycardia
to fibrillation transition. With this in mind, we simulated the effect of changing
the gating dynamics of the Cav1.2 on two dimensional spiral wave simulations
run on a 640x640 grid wherein each node was represented by a Luo-Rudy
model of the cardiac cellii. Specifically, we investigated and demonstrated
the hypothesis that affecting the time constant of VGLCC inactivation destabi-
lizes spiral wave behavior which is important in the clinical transition from nor-
mal rhythm to reentry tachycardia (one spiral) which often degenerates into
ventricular fibrillation (multiple spirals). We will present our channel model
and its validation to derive hypotheses of how our structure relates to the func-
tional findings.
Payandeh J et.al. Crystal structure of a voltage-gated sodium channel in two po-
tentially inactivated states. Nature. 2012 May 20;486(7401):135-9.
[1] Luo CH, Rudy Y. A dynamic model of the cardiac ventricular action poten-
tial. I. Simulations of ionic currents and concentration changes. Circ Res. 1994
Jun;74(6):1071-96.
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Hydrolysis of PIP2 is Responsible for the Voltage-Independent Inhibition
of Cav2.2 Channels
Oscar Vivas, Isabel Arenas, David E. Garcı´a.
National Autonomous University of Mexico, Mexico city, Mexico.
GPCRs regulate CaV2.2 channels through both voltage-dependent and
-independent inhibition pathways. Gbg subunits are the effectors of the
Tuesday, February 5, 2013 461avoltage-dependent inhibition while the molecular mechanism for the voltage-
independent inhibition remains to be elucidated. Here, we addressed whether
the hydrolysis of PIP2 is responsible for the inhibition remaining after a condi-
tioning pulse, named as voltage-independent inhibition. We recorded CaV2.2
currents from rat superior cervical ganglion neurons. We isolated the
voltage-independent inhibition with a double-pulse protocol and assumed
that the inhibition remaining after a conditioning pulse corresponds to the
voltage-independent pathway. To test our hypothesis, we changed the PIP2
concentration by means of blocking phospholipase C, filling the cell with
a PIP2 analogue, and preventing PIP2 re-synthesis. The internal dialysis of
short-chain PIP2 was firstly assessed during the muscarinic inhibition of
KCNQ2/3 channels. First, we determined the required magnitude, duration,
and interval between the conditioning and second pulses to isolate the
voltage-independent inhibition. Our results show that the inhibition of phos-
pholipase C reduces the inhibition remaining after a conditioning pulse upon
noradrenaline or muscarinic application. Dialyzing into the cell micromolar
concentration of short-chain PIP2, through the recording pipette, hampers the
muscarinic inhibition of KCNQ2/3 current in tsA-201 cells as well as the volt-
age independent inhibition of CaV2.2 channels in neurons. Also, blocking the
phosphatidylinositol 4-kinase with wortmannin avoids the recovery from the
voltage independent inhibition. These results support the hypothesis that the
hydrolysis of PIP2 is responsible of the voltage-independent inhibition of
CaV2.2. Regulation of levels of PIP2 in nerve terminals can result in the reg-
ulation of presynaptic calcium channels and in the subsequent modulation of
exocytosis.
This work was supported by UNAM- DGAPA-PAPIIT (IN200710).
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RGK Proteins are not Ras-Like Molecular Switches. A Prespective from
Voltage-Dependent Calcium Channels Inhibition
Yehezkel Sasson, Joel A. Hirsch.
Tel Aviv University, Tel-Aviv, Israel.
The RGK family of small G-proteins, including Rad, Gem, Rem and Rem2, are
inducibly expressed in various mammalian tissues and regulate voltage-
dependent calcium channels (VDCC) and Rho kinase. In this study, two-
electrode voltage-clamp measurements of CaV2.2 channels and their inhibition
by various Gem constructs were conducted in Xenopus oocytes. Nucleotide
identity had little or no effect on VDCC inhibition by Gem and Rad. Chimeras
constructed from Ras G-domain or CaVb fused to various Gem domain dem-
onstrated that both the Gem G-domain and C-terminus have partial inhibitory
effects. Gem sequences, beginning at the G5 loop through the C-terminus im-
part fully inhibition of the VDCC. This new data supports the hypothesis that
RGK inhibition of VDCC activity does not conform to canonical G-protein
modes of action and largely depends on the C-terminus, not the G-domain of
the protein.
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Large Ca2D-Dependent Facilitation of CaV2.1 Channels Induced by Ca
2D
Photo-Uncaging
Shin Rong Lee, Manu B. Johny, David T. Yue.
Johns Hopkins University, Baltimore, MD, USA.
CaV2.1 voltage-gated Ca
2þ channels are the predominant trigger of neurotrans-
mitter release in the CNS, so their Ca2þ/calmodulin-dependent facilitation
(CDF) could impact short-term synaptic plasticity. CDF is believed to arise
from a Ca2þ-dependent increase in channel open probability, but the precise
magnitude of this increase has been uncertain, owing to complex superposition
of CDF with channel (de)activation under conventional electrophysiological
protocols. Here, we utilize photo-uncaging of Ca2þ with CaV2.1 channels flux-
ing Liþ currents, so that any resulting CDF is driven solely by light-induced in-
creases in Ca2þ. The figure’s black trace shows that a 1 mM Ca2þ step rapidly
triggers an increase in current. No current enhancement is seen in the absence
of Ca2þ photo-uncaging (gray trace). Because channel (de)activation is steady
the instant before Ca2þ uncaging, the increased current relates exclusively to
CDF. Notably, the ~two-fold boost in current suggests that CDF is far stronger
than previously suspected. Moreover, half-maximal CDF was reached by Ca2þconcentrations of ~0.5 mM, well within the
physiological range. Given the fourth-
power relation between Ca2þ entry and
transmitter release, our results suggest that
CaV2.1 channel CDF could play a dominant
role in producing short-term synaptic
facilitation.2359-Pos Board B378
The Role of Cav2.2 C-Terminus in Calcium Channel Anchoring at the
Presynaptic Transmitter Release Sites
Sabiha R. Gardezi, Qi Li, Elise F. Stanley.
Toronto Western Hospital, Toronto, ON, Canada.
Voltage gated neuronal calcium channels (Cav2.2) gate neurotransmitter re-
lease at specialized regions within the presynaptic nerve terminals, known as
transmitter release sites (TRS). Published studies have predicted that calcium
channels are closely attached to the TRS in an organized structure, supporting
a channel-channel anchoring mechanism. Although calcium channels have
been linked to a broad range of presynaptic proteins, molecular components
of the channel-channel anchor are poorly understood. Our objective is to iden-
tify the mechanism of Ca2þ channel anchoring at the TRS and will explore the
role of channel cytoplasmic regions. GST or strep tagged Cav2.2 cytoplasmic
region fusion proteins were generated and used for pull-down assays from
which distal C-terminus region (C3strep) captured the channel from brain ly-
sate. In order to determine the specific region responsible for Cav2.2 pull-
down, GST fusion proteins comprising overlapping proximal (C3proximal)
and distal (C3distal) regions of C3strep were generated. Our data show that
C3distal region captures the channel from avian synaptosome membrane ly-
sate. This finding was supported by a reduction of channel pull-down from
brain lysate in the presence of a blocking peptide mimicking the last four amino
acids of long splice variant Cav2.2 distal C-terminus which code a PDZ-ligand
domain. C3strep protein was also able to capture transfected Cav2.2 from
TSA201 cell lysate, narrowing down the possibilities of a channel-channel
bridging protein(s). Overall, these data suggest a key role for Cav2.2 distal
C-terminus in channel anchoring at TRS.
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Voltage-Sensor Pharmacology in T-Type Calcium Channels
Autoosa Salari, Mirela Milescu.
University of Missouri, Columbia, MO, USA.
The four voltage sensors in T-type calcium channels have distinct amino acid
sequences, raising fundamental questions about their relative contributions to
the function and regulation of the channel. Studies of Kv channels identified
a S3b-S4 helix-turn-helix motif, termed paddle motif, which moves at the
protein-lipid interface to drive activation of the voltage-sensors. This motif is
an important pharmacological target for amphipathic neurotoxins and it has
been suggested that is conserved in other voltage-gated ion channels. Here
we show that the four S3b-S4 paddle motifs within the T-type calcium channel
could be transplanted into four-fold symmetric Kv channel to individually ex-
amine their contributions to the kinetics of voltage sensor activation and
pharmacology.
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Electrostatic Association of Beta-Subunits to Membrane Reduces the PIP2
Sensitivity of Ca2D Channels
Dong-Il Kim, Byung-Chang Suh.
DGIST, Daegu, Korea, Republic of.
High voltage-gated Ca2þ (CaV) channels are protein complexes mostly contain-
ing a1, b and a2d subunits. G protein-coupled receptors modulate these chan-
nels through diverse pathways. Recently, membrane phospholipid
phosphatidylinositol 4,5-bisphosphate (PIP2) was identified as a key regulator
of these channels and sensitivity to PIP2 exclusively dependent on CaV b-sub-
units. using mouse b2a (mb2a) subunit, we report that simple binding of this
subunit to the membrane surface is sufficient for reducing PIP2 sensitivity.
Compared to rat b2a (rb2a) subunits which are distributed on the plasma mem-
brane following post-translational palmitoylation, mb2a displayed the same
distribution without any lipid modification, merely through its own N-terminus.
Multi-alignment analysis between rb2a and mb2a revealed 98% sequence ho-
mology with main differences in N-terminus. To characterize the contribution
of the N-terminus to mb2a membrane targeting, the 23 amino acids of this re-
gion was sequentially deleted and membrane targeting and current properties of
these mutants were measured. The results demonstrate the last basic amino
acid, K2 residue to be critical for membrane distribution of b subunits and
slow inactivation of Cav current. We also found W5 to be important for the
membrane targeting of mb2a subunit. Finally, binding of mb2a subunit was di-
minished upon receptor stimulation, suggesting the involvement of electrostatic
interaction during binding of mb2a subunit to lipids. Consequently, we propose
that the N-terminus of mb2a, without lipidation, still plays a key role in mem-
brane targeting and this interaction determines the low sensitivity of CaV chan-
nels to PIP2 depletion. Taken together, the results validate that lipidation of
b subunit is not a critical factor for the reduction of CaV regulation by PIP2.
